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Abstract 
This study starts from the following question: “what could be done even from the beginning of the school period to contribute 
to a better acquisition of fundamental academic competencies?” The overall objective of the study is to develop a valid 
predictive model of the academic learning activity success at the beginning of school. So, in this study, we aim to identify the 
profiles of academic maturation at the preschool age by studying the particularities of the dynamics of cognitive factors in 
their structure and functionality and to identify the cognitive predictors involved in academic success in mathematics in 1st 
class. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of PSIWORLD 2012. 
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1. Introduction 
Early education is the term which is frequently used when speaking about the beginning of the school period, 
but there is no unity in its definition or in its modalities of formation. A general definition of the term is given by 
Lewit & Baker (1995): „ the child’s abilities to learn and to adapt efficiently at school”, to which we would add „ 
to the learning activity”. The specialty literature confirms that the attainment of a certain level of school maturity 
(physical, cognitive, affective and social) as well as the influence exercised by the family, the school 
environment, the pedagogical factors on the child leads to school adaptation which implicitly determines 
adequate conditions for the school success and the obtaining of superior school performances. We can affirm that 
the acquision of knowledge and of abilities anticipated for the I-st class implies a certain level of physical and 
intellectual development, in order to ensure the minimal conditions for the school success. Mainly, it is about the 
corpus of mental instruments and sensory-motor mechanisms formed, which allow the assimilation of knowledge 
but also about the social and emotional mechanisms which bring the child to adapt easier to the school 
environment. The age of 5 -7 years implies multiple acquisitions on the cognitive development level. Supposedly, 
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until the age of 6, the child develops his cognitive capacities and the language necessary to learn writing and 
reading and to learn mathematics. The pupil of 6-7 years is in a period of transition from the intuitive thinking, 
the reasoning is dependent on the concrete material, the pupil being centered on the “part”, which leads to the 
distortion and even to the annulment of the focus on the whole or conversely, since he has no reversibility 
capacities. Around the age of 7 years – through the “sometimes rapid and subtle” appearance comparable to the 
sudden structures described by the gestalt psychologists, “the operations take shape from  a kind of melting of 
intuitive structures and from the sudden mobility which activates and coordinates the configurations rigid by that 
time” (Piaget, 1965, cited in Bonchi , 2004). Thus, the transformations of reversibility, of composition of 
relations, identity, resemblance support one another allowing the appearance of operations. During this stage, the 
thinking undergoes successive transformations, coordinating distinct points of view in a system of reciprocities; 
“the grouping  achieves for the first time the balance between the assimilation of things at the action of the 
subject and the accommodation of the subjective schemes to the modification of things” (Piaget, cited in Bonchi , 
2004). This balance explains the appearance and the manifestation of reversibility, of operational groupings 
which involve: the class inclusion, the classification of asymmetric relations. Being able to classify objects, the 
child will be able to classify collections of objects and the simultaneous construction of inclusion and 
classification forms the appearance of the numbers system (Piaget, cited in Bonchi , 2004). 
The main objective of the paper is the identification of the cognitive predictors in the successful acquisitions 
in mathematics at the end of the 1-st class through studying the profiles of school maturity at the preschool age of 
6-7  years  (the  study  of  the  characteristics  in  the  dynamics  of  the  cognitive  factors  –  in  their  structure  and  
functionality) and the evaluation of the school acquisitions in mathematics at the end of the I-st class.  
2. Objectives 
The main objective of the paper is the identification of the cognitive predictors in the successful acquisitions 
in mathematics at the end of the 1-st class through studying the profiles of school maturity at the preschool age of 
6-7  years  (the  study  of  the  characteristics  in  the  dynamics  of  the  cognitive  factors  –  in  their  structure  and  
functionality) and the evaluation of the school acquisitions in mathematics at the end of the first class.  
3. Methodology 
3.1. Participants 
The research has been performed on a fixed, non-aleatory sample, the group of subjects being formed of  106 
children, having the average age of m= 6,531, SD= 0,27, 59 boys and 47 girls, which come from school units in 
the Arge  district, from the urban – 79 children, and the rural - 27 children environment. 
3.2. Instruments 
The neuro-psychological evaluation of the development - NEPSY (Korkman. Kirk, Kemp, 1998) evaluates 
through the 27 tests the neuro-psychological competences of children between 3-12 years, essential for their 
academic success. It refers to the following neuro-cognitive functions: sensory-motor functions, visual attention, 
visual-spatial processing, attention/ executive functions, language, memory and learning. In our study, we have 
used experiments from the following domains: attention and executive functions (visual attention – evaluates the 
speed and the accuracy with which the child can focus selectively and maintain attention on visual targets within 
a limited zone); the language domain (verbal fluency – this subtext evaluates the ability to generate words within 
some specific semantic and phonemic categories); the sensory-motor domain (the visual-motor accuracy – the 
fine motor speed and the accuracy of the coordination between the eye and the hand), the visual- spatial domain 
(drawing imitation - evaluates the child’s ability to copy bidimensional geometrical figures); the memory domain 
(the memory of names and narrative memory).  
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RAVEN’s colored progressive matrices (CPM, 1947, 1962) offer according to the test manual, (Romanian 
language edition, 2003, p. 34),the most significant and useful information which can be obtained by using  the 
intelligence test, integrally applied. The proposed experiment does not measure simply a cognitive performance 
but the general capacity of organizing the gestalt and of integrating relations. 
The evaluation of school acquisitions at the end of the I-st class had been achieved through a standardized 
experiment elaborated by us in the learning domain mathematics (writing and reading of the natural numbers; 
addition and subtraction of natural numbers; problem solving; the use of mathematical language). The tests 
proposed by us target the diagnosis (measurement) of the acquisitions level achieved by the 1-st grade pupil in 
mathematics. We have taken into account the informational aspect (knowledge acquisition) but mainly the 
formative aspect( the capacity to act, to operate, to solve problems). The competences in the mathematical 
domain have been established according to the curricular standards for the primary education-first grade. The 
method approached in the construction of tests was the deductive one and involved the construction of items and 
their selection according to specialized persons (experts). Using a specific methodology, rigorously applied, the 
final test contains 10 items with different difficulty degrees which target the above-mentioned competences. The 
test elaborated by us, presupposes an accepted value of fidelity, the calculated value of the coefficient  
Cronbach being of 0,79. The validity of the criterion has been ensured by the use of the objective appreciation 
method of school performances in mathematics, using the unmarked graphic scale, the value of the validity 
coefficient being of de 0,68, p =0,000, bilateral.  
3.3. Procedure 
The longitudinal study developed during a school year, between September 2010 – April 2011 and included 
the following stages: During the first stage, we evaluated the cognitive factors in the group of subjects, performed 
during the first semester in the I-st grade (September-November 2010). For the evaluation of the cognitive 
factors, the duration of the individual testing was about 2 hours for each child. The second stage had as main 
objective the global evaluation of the main school acquisitions ( instrument elaborated by us) in the domains of 
mathematical learning and was applied at the end of the I-st grade (period April-May 2011). 
4. Results 
In order to verify the hypothesis: “Cognitive factors are predictors of mathematical school performances at the 
end of the 1-st grade” we proposed to achieve a multiple regression model with 10 predictors visual attention, 
verbal fluency, semantic verbal fluency, phonetic verbal fluency, visual-motor accuracy, drawing imitation, the 
memory of names, narrative memory, learning the list and g factor g for which we estimate a multiple regression 
correlation coefficient  R= 0,39 (R2 0,15), = 0,05 and a power of effect value of 0,80. The proposed model for 
the analysis is the Stepwise multiple regression. Significant association relations among the predictors appear but 
their intensity is rather weak, ranging between 0,218 and 0,379. A multilinearity problem arises at the median 
associations between verbal fluency and semantic fluency, respectively phonetic fluency, having significant 
correlation coefficients of r= 0,640, p= 0,000, respectively r=0,595. These associations are not aleatory, because 
the score of the verbal fluency represents a composite score of semantic verbal and phonetic verbal fluency. 
Another association between the predictor variables appears at the learning and memory development domain 
where one can observe statistically significant associations of medium intensity between the variable the memory 
of names and the narrative memory, this being  r= 0,422, p=0,000. The analysis of the covariance matrix of 
correlations between the variables  predictors- cognitive factors and the criterion „mathematical acquisition 
performance” allows the verification of linearity and shows statistically significant associations, less for the 
predictor variable visual and motor accuracy (r= 0,48, p= 0,312) and for the variable drawing imitation (r= 0,92, 
p= 0,175). The value of R 2 adjusted is 0,540, which means that 54 % dof the performance variation at 
mathematical acquisitions is explained by the combination of the  predictor variables( g factor, verbal fluency and 
narrative memory). The best predictor is represented by the g factor whose value  is 0,499, p=0,000. The 
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multiple regression equation for the performance of the mathematical acquisitions at the end of the 1-st grade is: 
Performance of mathematical school acquisitions =3,685+0,499* factor g +0,270* verbal fluency+0,153* 
narrative memory. 
The method of countervalidation of the multiple regression used is the comparison of the multiple 
determination coefficient value R2adjusted (0,540) with R2 non-adjusted(0,553). We used this method because the 
volume sample of subjects is rather small so that its bisection by an aleatory method followed by the calculation 
of the regression equation coefficients for the two groups would have led to a rather small number of subjects 
necessary to estimate regression coefficients correctly (Sava, 2004, p. 213). The value of the effect is d=0,58 
which represents a high value according to the Cohen table.  
5. Discussions 
Specialty studies (Geary, 2007, 2009; Engle et. al., 1999; Embretson, 1995; Seethaler, Fuchs, 2010) confirm 
the factors general intelligence and work memory as being th main components of mathematical abilities: the 
most important components of the work memory are the central control mechanisms – attention and the 
inhibitory mechanisms while the logical ability of solving problems is the component of intelligence. 
Mathematical activity in the 1-st grade has as objectives the understanding of the concept of number, the 
formation of the counting skill, of mental calculus as well as the use of different strategies in solving and 
composing problems (Fuchs et.al, 2007, Gersten et. al, 2005, Dowker, 2005). This is emphasized by the 
acquisition of flexible sets of skills, abilities and operating structures. The characteristics of the operating 
structures refers to the fact that they can be transferred and exercised to a great variety of specific tasks, 
conditioning the level to which the child resolves the new learning tasks significantly. Increasing and decreasing 
counting implies the setting of the skill  through adding or subtraction of some facts, which in the next cycle of 
development can evolve in a multiplication skill (Vukovic, et. al., 2010). 
The primary operations of addition and subtraction refer to the ability to calculate using arithmetical 
algorithms. From a neuropsychical point of view, mathematical operations and the counting skill are processed in 
different regions of the brains skill (Vukovic, et. al., 2010), the last ones being rather related to language activity. 
The solving as well as the composition of problems supposes much more complex cognitive abilities, which 
include relations and properties which are accessible to the child only during the operating stage of thinking. 
The performance in mathematics develops in a hierarchical form: primary concepts and abilities are acquired 
in order to offer a new base for the development of more complex abilities and procedures. As an example, when 
the counting skill has become automatized, the resources of attention are activated more intensely in the problem 
solving (Aunola, et al., 2004). During the preschool years, children infer fundamental concepts, that is, they can 
describe the characteristic of proportions, the relation part-whole and the scheme of protoquantity. All these offer 
the starting point for the development of the subsequent mathematical abilities. The stage of forming 
mathematical abilities, materialized through actions and logical and mathematical operations ensures the support 
of conceptual learning, precedes the learning of mathematical notions, performing a natural interrelation between 
the preschool and the school period. The series of abilities and competences mentioned are formed by the gradual 
covering of the mathematical activities specific objectives with significant effects on the cognitive and operating 
level. The acquisition of each ability is achieved in the system, through cumulative acts: the acquisitions of skills 
and concepts is structured in stages ; the acquisition of capacities constitutes the necessary but not the sufficient 
condition for the covering of the stages of  new abilities, so that each capacity will be formed and exercised 
functionally, in the sense of its application, and the pupil will be oriented towards the understanding of the sense 
and of the scope of its assimilation (Graue, 2000).  
Intelligence (IQ), the working memory and the processing speed represent the central cognitive mechanisms 
which contribute to learning in different domains of activity (Baddeley, 1998; Fry & Hale; 1996, Kail, 1991), 
including the field of mathematics (Bull, Johnston & Roy, 1999). 
In regards with the contribution of the processing of information in the mathematical tasks, recent research 
affirms that it is not substantial (Geary et. al, 2007). The development of the “educative ability” – of the 
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contextual perception, through the searching for the gestalt, of the whole, through the formation of a unitary 
image upon the presented information, and then, the extraction of the representative elements for the 
identification of the implications beyond the actual context represents the factor involved in the formation 
activities of the above-mentioned acquisitions. In the mathematical learning domain, in order to acquire the 
concept of number, quantity, the causality, temporal and spatial relations, the child must be able to organize the 
information in a unitary, holistic model. Mathematical acquisitions presume more and more complex operations: 
interiorized actions which imply a reversible transformation which can consist in inversions and reciprocities. 
The mechanism of the perceptive organization of the context and of the extraction of relations among the 
constituents with a view to perform the activity is implied in the school acquisitions at the end of the I-st grade. 
Thus, it seems that the g factor is implied in the forming of mathematical competences as concerns the operations 
of adding, subtraction, problem solving and problem writing. 
6. Conclusions 
The evaluation of the necessary training for the child’s school activity has a remarkable importance in the 
prevention of the school insuccess – defined by the disparity among requirements, capacities and achievements, 
failures accompanied by the negative alternative of appreciating the child’s results by the teacher. We have 
started from the empirical idea that an educational route with a positive beginning has great chances in obtaining 
performances above the media. At the beginning of the school years, the identification of the structuring level of 
the risk factors implied in the assimilation of the fundamental mathematical acquisitions in the I-st grade proves 
to be highly necessary for the assignation of the personalized learning plans for the pupils belonging to the risk 
zone as well as for those coming under the exceptional.  
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